Abstract -Synthetic and biological studies continued in our laboratories contributed to elucidate the chemical structure and biological functions of endotoxin, which is lipopolysaccharide (LPS) located at the cell surface of gram-negative bacteria.
INTRODUCTION
Cell surface of gram-negative bacteria is covered by a characteristic amphiphilic component, lipopolysaccharide (LPS), which is composed of covalently bound polysaccharide and lipid part. LPS, being the chemical entity of bacterial endotoxin which was described already in 1982 by R. Pfeiffer, exhibits multiple biological activities against higher animals.
These include toxic activities such as lethal toxicity, pyrogenicity, and tissue-necrotizing activity as well as many beneficial ones related t o immunostimulation. W e elucidated the chemical structure r of the lipid part (designated "lipid A") of Escherichia * LPS (ref. 1) and confirmed the structure by a total synthesis (ref.
2). The synthetic 1 absolutely free from any contaminants from bacterial cells showed all of the biological activities of LPS mentioned above in identical potency with natural lipid A. Consequently, it was unequivocally proved that lipid A is the endotoxic principle of LPS.
SYNTHESIS AND BIOLOGICAL ACTIVITIES OF LIPID A VARIANTS
Chemical structures of lipid A components isolated from many gram-negative bacterial species were elucidated in the meantime.
They have the same basic structure of B(1-6)-linked glucosamine the unique activities of lipid A, it seemed t o b e of great interest t o synthesize them in order t o confirm their proposed structures and particularly t o study the effect of the structural variation on t h e biological a c t i v i t i e s of t h e s e glycolipids.
Before our total synthesis, serious confusions were often encountered in the biological studies on lipid A owing t o the intrinsic heterogeneity and difficulty of purification of the natural lipid A preparations used for the test.
Fortunately, however, precise comparison of the biological ac- These compounds could be prepared as exemplified in Fig. 1 by adequate modification of the synthetic route established for 1 previously.
Some of the biological activities of the synthetic compounds are summarized in Table 1 (ref. Precursor Ia (5) contains only four moles of 3-hydroxytetradecanoic acid and hence is devoid of 3-acyloxyacyl structure which is present in 1 . 
a) The arabic numeral in the square represents the number of acyl groups bound to each glucosamine residue. The mark * indicates that the acyl groups are not hydroxylated.
artificial analogs fi obtained by synthetically replacing 3-hydroxytetradecanoic acid, the typical fatty acid component of natural lipid A, with non-hydroxylated acid. This compound showed very low toxicity but still retained immunostimulating and other beneficial activities. These results lead t o the conclusion that the harmful and favorable activities of lipid A could be separated depending on the chemical structures. One could thus expect a future possibility t o suppress the toxic action of bacterial endotoxin by adequate modification of the structure and t o utilize its favorable activities such as tumor-necrotizing or immunostimulating activity t o preserve health of human being.
SYNTHETIC S T U D Y ON RE TYPE LIPOPOLYSACCHARIDE
Although lipid A is now recognized t o be the active principle responsible t o the multiple biological functions of LPS as already 
